This paper investigates price and quality competition in a market where consumers seek variety and habit formation. Variety seeking is modeled as a decrease in the willingness to pay for product purchased on the previous occasion while habitual consumption may increase future marginal utility. We compare two competing strategies: price commitment and quality commitment. With a three-stage Hotelling-type model, we show that variety seeking intensifies while habitual consumption softens the competition. With price commitment, firms supply lower quality levels in period 1 and higher quality levels in period 2, while, with quality commitment, firms charge higher prices in period 1 and lower prices in period 2. However, the habitual consumption brings the opposite effect. In addition, with quality commitment variety seeking leads to a lower profit and a higher consumer surplus, while habitual consumption leads to the opposite results. On the other side, with price commitment these behaviors have no effect on the consumer surplus, although they still lower down the firm profits. Finally, we also identify conditions under which one strategy outperforms the other.
Introduction
Future consumption could be influenced by present purchase experience in two important ways: variety seeking and habitual consumption. Variety seeking is the tendency of consumers to seek diversity in their choices of services or goods over time [1] : consumers may get satiated when purchasing the same item again. For example, people would usually avoid eating the exact same meal in the exact same restaurant every day, and most people would not trip to Tokyo if they had traveled to Tokyo the previous year. Instead, habitation consumption contributes to habit formation and, therefore, increases future marginal utility. Luxury goods, technological devices, and narcotics are examples of habit-forming goods.
In psychology, both habit formation and satiation have been studied and observed in animals and humans [2, 3] . Previous literature has identified a number of psychological processes leading to variety seeking tendencies within individuals. Consumers will be less attracted by the repeat purchasing [4] , or consumers feel boredom with the choice task which may result in a product-specific decrease in the perceived hedonic value of the previously chosen alternative [5] . However, consumers will repeat purchase to avoid the risk of change in the choice [6] , or consumers will obtain higher satisfaction for habitual consumption [7, 8] . Becker [9] argues that both satiation and habit formation are relevant in predicting future utility. Read et al. [10] state that the most important taste change effects are habit formation and satiation.
Relatively few papers have examined optimal firm strategies in the presence of variety seeking consumers (e.g., [11, 12] ) or habitual consumption consumers (e.g., [13] ). Sajeesh and Raju [11] study the pricing and positioning competition with variety seeking and Wei et al. [12] study the combinatorial impact of variety and brand name value of the competing firms, while Baucells and Sarin [13] consider modification of the discounted utility model that accounts for both satiation and habit formation in intertemporal choice.
Further notice that in practice firms often adjust product prices to gain competition advantage but fix the quality level, as commonly observed in the retailing industry. However, firms may also adjust the product quality level but keep the 2 Mathematical Problems in Engineering price fixed, a typical example like the upgrade of smart phones. It is unclear to employ which strategy when there exist consumers with variety seeking and inertia in the market. The objective of this paper is then to examine firms' optimal decisions under two competing strategies: price commitment and quality commitment, in the presence of both variety seeking and habitual consumption behavior. In addition, we try to figure out the conditions under which one strategy outperforms the other.
To study the problem, we employ a three-stage Hotelling model across two time periods. Firms locate at the extreme points of the market. As in Wei et al. [12] , with quality commitment variety seeking behavior makes firms enhance the quality levels in the second period while with price commitment firms lower down the prices in the second period so as to keep consumers from switching. On the contrary, the habit formation will bring the opposite effect to the firm. It does not affect the consumers surplus when firms choose the price commitment. We further find out when to choose which competing strategy depends on both of the unit transportation cost and the proportion of the variety seeking consumers in the market. Firms will choose the quality commitment rather than price commitment without variety seeking. If the consumers' unit transportation cost is enough larger, the revenue of the firms with price commitment will be decreased more than the increasing quality levels cost of the firms with price commitment with variety seeking. If the unit transportation cost is small enough, the effect of changing price is less than that of changing quality levels. However, the habit formation could not change these tendencies.
The rest of this paper is organized as follows. The next section reviews the related work. In Section 3, we describe the model. In Section 4, we analyze the firm competition with price commitment and quality commitment, respectively. Section 5 presents the conclusions, limitations, and possible avenues for future research. All the proofs are presented in the appendix.
Literature Review
This paper relates to studies about variety seeking behavior, the effect of the habit formation, and price and service/quality competition in a duopoly market.
Habit formation and satiation have been studied in psychology for many years. Previous studies think satiation and habit formation capture the basic effects of diminishing sensitivity and adaptation [2, 10] . Diminishing sensitivity is a fundamental property of perception and satisfaction, and adaptation is a fundamental property of living organisms subject to evolutionary forces. Psychologists have also observed that individuals not only increase their preference for a product but also increase their preference for its characteristics from repeated consumption [14] .
McAlister and Pessemier [4] and Kahn [1] provide reviews for variety seeking in consumer choices. Recent studies considering the variety seeking behavior on firm decisions include Desai and Trivedi [15] , Seetharaman and Che [16] , Sajeesh and Raju [11] , and Wei et al. [12] . These papers model variety seeking as negative state dependence for repeat purchasing. Following Sajeesh and Raju [11] and Wei et al. [12] , this paper operationalizes variety seeking (satiation) as a relative reduction in the willingness to pay of the previously purchased brand.
Wathieu [17] and Alejandro [18] consider habit formation will increase individuals' preference for their characteristics. Others consider habit formation will increase satisfaction for consumption [13] or dependencies on risk preference that consumers are afraid of loss results of variety seeking [19] . We model the habitual consumption as an increase in the willingness to pay for repetitive purchasing, this setting is different from that where Alejandro [18] models habit formation by assuming that in period 2 the consumers' location will become closer to the firms' .
We build our competition model based on localized model which applies to functionally differentiated products, that is, Hotelling model [20] . Such a model is widely used in marketing literature with variety seeking consumers, to name a few, Klemperer [21] , Seetharaman and Che [16] , Sajeesh and Raju [11] and Wei et al. [12] . Most of them focus on price competition, with the exception of Sajeesh and Raju [11] for both price and position competition and Wei et al. [12] for both service and price competition. Sajeesh and Raju [11] find that variety seeking can increase product centralization in location equilibrium. Wei et al. [12] find that variety seeking actually increases competition when firms are equally known, while it increases differentiation when one firm is better known as compared to another. Considering vertical competition in a variety seeking market, where preference for variety is captured as a diminishing marginal utility for multiple units of the same firm's products, Zeithammer and Thomadsen [22] find that when qualities are similar, variety seeking softens price competition and increases both prices and profits in equilibrium. On the other hand, if qualities differ enough, price competition is intensified and profits are lowered down. Some empirical research of service competition can be seen in Bubalo and Gaggero [23] and Cheng et al. [24] , while, for consumers with habitual consumption, Alejandro [18] claims that habit formation increases product differentiation in location equilibrium. Villas-Boas [25] empirically finds out that firms charge lower price and benefit from having a greater market share today as the loyal consumers in the future. This paper differs from the previous study in two ways: first, we consider both the variety seeking behavior and the habitual consumption in the same market; second, we discuss the quality and price competition, with the consideration of either price commitment or quality commitment. When the firms choose the price commitment, our results show that variety seeking increases the competition in firms and the habit formation mitigates this effect and firms tend to make equivalent price and quality decisions. Instead, with quality commitment strategy, firms charge lower price in period 2 and higher price in period 1, and the variety seeking may increase the consumers surplus rather than than the habit formation.
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The Model
Assume, in duopoly markets, each firm locates at the extremes of a Hotelling line [0, 1]. Without loss of generality, firm 1 locates at point 0 and firm 2 locates at point 1. Consumers are uniformly distributed among the line, and we normalize the total number of consumers to 1 in each period. Both of the firms sell their products to consumers over two consecutive periods. Each consumer buys one and only one unit of the product from a firm in each period, and consumers maximize their utility obtained from consumption of products to make their purchasing decision, whose utility obtained from firm , = 1, 2, is
where denotes the basic utility from the consumption of products, and stand, respectively, for the price and the quality of firm in period , = 1, 2, ℎ ( ) denotes the traveling cost between the consumer at and the location of firm ; that is, ℎ 1 ( ) = ℎ and ℎ 2 ( ) = ℎ(1 − ). ℎ is the unit transportation cost (Upender 2013) and > 0 is the sensitivity of the quality.
At the beginning of the first period, each firm decides its price 1 (or 1 ) simultaneously, and once the prices (or quality levels) are determined they are fixed thereafter. Then firms maximize their profit by choosing the quality levels 1 (or 1 ), whose net profit, respectively, is
where denotes the demand of the firm in period . ( ) = ( /2) 2 , > 0, is the cost as producing a product of quality . Then, the consumer who located at maximizes its utility to choose the products of firm .
At the beginning of the second period, firstly, we made the assumption that some consumers make their purchasing decision independent of the past purchasing experience, in other words, these consumers have no variety seeking behavior or habitual consumption behavior when consuming the same product on consecutive purchase occasions. Then both of the firms will adopt the same strategies as that of last period. Therefore, both firms making the unchanged decisions can get the optimized total two-period profit.
However, rich empirical research and literature certified the existence of satiation and habit formation [2, 4] . Before the discussion, we made the following setting: the number of variety seeking consumers ( ) is more than that of habitual consumption consumers ( ); that is, 0 < < < 1, and + < 1. And these and consumers are also distributed uniformly on the Hotelling line [0, 1].
For a fraction of consumers who are variety seeking, their willingness to pay for the product they purchased in period 1 goes down by in period 2 because of satiation or boredom. Let < ℎ ensure the marginal consumers are located within the distribution of consumers for all values of . Otherwise, the marginal consumers are located at the extremes of the line segment. Equilibrium results presented in this paper hold only when < ℎ. Then a fraction of consumers, who have habit formation in the market, prefer purchasing the same product as habit formation that can get more satisfaction . All of , , , and are exogenous to the model. In this way, variety seeking is modeled as a disutility from the decreasing reserved value instead of a permeant change in consumers' position the same as that of the habit formation. Therefore, in period 2, a variety seeking consumer and a habitual consumption consumer with location have the utility from consuming the product of firm , respectively:
where ( ) = 1 if the consumer purchased product at period 1; otherwise, ( ) = 0. For the rest (1− − ) consumers, their reservation utility does not change for the repetitive purchasing. Consumers then make their choice based on the utility maximization as in period 1. Therefore, both of the firms offer the quality 2 ( 2 ) to maximize their total two-period profit according to the strategies of period 1. In our discussion, we need to define 2ℎ > 2 ensuring the existing of equilibrium for all value of and .
Analysis
This section investigates the equilibrium in duopoly competition. We investigate the competition with price commitment and quality commitment scenarios. The former case indicates that both firms do not change the price while the latter do not change the quality level. We use superscript " " for price commitment and " " for quality commitment, separately. Before we assume 2ℎ > 2 ; only in this condition is our discussion meaningful for any and . In the analysis we employ the concept of subgame perfect equilibrium and analyze the decisions of firms and consumers in a reverse order.
Under Price Commitment.
We first consider price commitment, where all firms have the same price in both periods and only adjust the quality level in period 2.
We start with a benchmark with no variety seeking consumers and no habitual consumption consumers in the market; that is, = 0 and = 0. Both firms and consumers repeat the same decisions in period 2 as in period 1. The original three-period Hotelling problem is reduced to a two-period duopoly competition model. The equilibrium solutions are illustrated in the following proposition. 0 and 0 denote the equilibrium solutions, with subscript 0 indicating = 0 and = 0. Under price commitment, Proposition 1 indicates that both firms make the same price and quality decisions when there are no variety seeking and habitual consumption consumers in the market. Each firm equally shares the market, that is, 10 = 20 = 1/2. Each firm has the same profit level 10 = 20 = ℎ/2 − 2 /8 . It should be pointed out that this result is the same as in Wei et al. [12] where only variety seeking consumers exist in the market. When there exist both variety seeking and habit formation consumers in the market, that is, 0 < , < 1, both firms decide price at period 0. Then firms decide the quality levels 1 at period 1 and make adjustment to 2 at period 2. Consumers purchase products based on utility maximization. In period 1, consumers compare the utilities based on (1) and decide which product to buy. The aggregate demand for each firm in period 1 is then
In period 2, consumers with variety seeking behavior reduce their willingness to pay for the product which they have purchased in the previous occasion. The utility that consumers obtain from purchasing the same product is then reduced by , as indicated in (3). consumers with habitual consumption increase their willingness to pay for the product which they have purchased in the previous occasion. The utility that consumers obtain from purchasing the same product is then increased by , as indicated in (4). These negative and positive state dependence cause the demand for firm 1 at period 2 from four types of consumers. Type 1. Among the consumers who have no variety seeking and habitual consumption, consumers purchase from firm 1 if the utility obtained from the product of firm 1 is larger than that of firm 2. For type 1 consumers, they make their purchasing decisions at period 2 simply based on − 1 + 12 − ℎ ≥ − 2 + 22 − ℎ(1 − ). The number of type 1 consumers purchasing product from firm 1 therefore equals
Type 2. These are variety seeking consumers who purchased from firm 2 in period 1. Because of satiation with firm 2's product, their willingness to pay for the product of firm 2 goes down by . These consumers change to purchase from firm 1 if − 1 + 12 − ℎ ≥ − 2 + 22 − ℎ(1 − ) − . The fraction of type 2 consumers then equals
Type 3. Among the variety seeking consumers, those who purchased from firm 1 in period 1 continue to purchase from firm 1 in period 2, although their willingness to pay goes down by because of satiation. Therefore, this fraction of consumers equals
Type 4. Among the habitual consumption consumers, those who purchased from firm 1 in period 1 have the habit formation, and their willingness to pay goes up by because of habitation consumption. As both firms are symmetric, these consumers that purchased from firm 1 in period 1 continue to purchase from firm 1 in period 2, Therefore, these consumers equal
Similarly, the total demand for firm 2 in period 2 is
The objective of firm is then to decide in period 0, 1 in period 1, and 2 in period 2 so as to maximize the total profit in both periods.
Working backward, we first consider in period 2 each firm decides their quality levels ( 2 ) to maximize profits ( 2 ) in period 2, given price ( ) and quality levels in period 1 ( 1 ) are determined. Then firms chooses 1 and to maximize the profit in period 1. The equilibrium solutions are summarized in Proposition 2.
Proposition 2. Under price commitment, with variety seeking
and habitual consumption, that is, 0 < < < 1, the equilibrium prices and quality decisions are as follows: 1 = 2 = ℎ, 11 = 21 = ((1 + − )/2 ) , and 12 = 22 = ((1+ − )/2 ) . In addition, average quality level is unchanged
Proposition 2 reveals that both firms make the same quality and price decisions when the consumers have variety seeking and habitual consumption. This is consistent with the findings in Sajeesh and Raju [11] (as well as in [12] ), in which the firms differentiate less in their location (service) decisions and make the same price decisions in the presence of variety seeking consumers. The equilibrium prices are not affected by the variety seeking and habit formation.
We found the variety seeking and the habit formation bring the opposite effect for firm decisions. The habit formation make the firm would not choose too low quality level in period 1, and the variety seeking makes the firm choose a little Mathematical Problems in Engineering 5 higher quality level in period 2. However, neither the variety seeking nor the habit formation can affect the average quality and price in both periods.
Proposition 3.
Under price commitment, the presence of variety seeking reduces firm profits and does not change the consumers surplus. Although the habitual consumption has no effect on consumers surplus, it reduces the loss results of variety seeking.
Although the presence of variety seeking behavior does not change the price and the average quality level, it increases the quality differentiation in two periods and decreases the total profit of each firm. The latter is because of the convex cost function of quality levels. Intuitively, a firm needs to pay a cost to prevent variety seeking consumer from switching. However, the habitual consumption can decrease the loss results of variety seeking or benefits the firms, as the quality differentiation becomes less. Therefore, a firm also should cultivate the consumers habit to reduce the loss.
Under Quality Commitment.
Then we consider quality commitment, where each firm has the same quality in both periods and only adjusts the price in period 2. We also start with a benchmark with no variety seeking consumers and no habitual consumption consumers in the market; that is, = 0 and = 0.
Similarly, we start with the case without variety seeking and habitual consumption consumers ( = 0, = 0). Both firms and consumers will repeat the same decisions in period 2 as in period 1, and the original three-period Hotelling problem is reduced to a two-period duopoly competition model. The equilibrium solutions are illustrated in the following proposition. 0 and 0 denote the equilibrium solutions, with subscript 0 indicating = 0 and = 0. Proposition 4 indicates that both firms also make the same price and quality decisions when there are no variety seeking and habitual consumption consumers in the market. Each firm equally shares the market; that is, 10 = 20 = 1/2. Each firm has the same profit level 10 = 20 = ℎ/2 − 2 /18 . When there exist variety seeking and habit formation consumers in the market, that is, 0 < , < 1, both firms decide quality level at period 0. Once decided, it is fixed thereafter. Then both firms decide the price 1 at period 1 and make adjustment to 2 at period 2. Similarly, in period 1, firms choose price and quality. Then, the consumers purchase the product that provides them with the highest utility, and then we can get the demand for each firm as
In period 2, with the existing of consumers with variety seeking and with habit formation, the demand for firm 1 at period 2 also comes from four types of consumers the same as that situation with price commitment. Type 1. Among (1 − − ) consumers who have no variety seeking and habitual consumption, consumers purchase from firm 1 if the utility obtained from the product of firm 1 is larger than that of firm 2; that is, − 12 + 1 − ℎ ≥ − 22 + 2 − ℎ(1 − ). The number of these consumers equals
Type 2. These are variety seeking consumers who purchased from firm 2 in period 1. Because of satiation with firm 2's product, their net utility is higher in period 2 by buying from firm 1. This fraction of type 2 consumers equals
Type 3. These are variety seeking consumers who purchase from firm 1 in period 1 and continue to purchase from firm 1 in period 2, although their willingness to pay goes down by because of satiation. These consumers equal
Type 4. The habitation consumption consumers who purchased from firm 1 in period 1 will continue to purchase from firm 1. This happens because for such consumers the willingness to pay has increased for the product from firm 1 in period 2. The fraction of consumers is given by
Adding the four types of demands together, the total demand for firm 1 in period 2 is then
Each firm then decides price and quality levels to maximize its total profit over two periods.
Working backward, we first consider that each firm decides their price ( 2 ) to maximize profits ( 2 ) in period 2, Mathematical Problems in Engineering given that price ( 1 ) and quality levels in period 1 ( ) are determined. Then firms chooses ( 1 ) and ( ) to maximize the profit in period 1. The equilibrium solutions are summarized in Proposition 4. 2 ). 1 > 2 , ∀ = 1, 2. In addition, the price gap increases with (see Figure 1) , and the quality ( ) decreased with (see Figure 2) ; however, the habit formation will bring the opposite effect. Figures 1 and 2 mainly discuss the impact of variety seeking on the price and the quality levels, we assumed that other exogenous variables are constant, and their values do not affect our discussion. As 0 < < < 1, we can easily find the impact of the habitual consumption.
Proposition 5. Under quality commitment, with variety seeking and habitual consumption, that is,
Different from the price commitment, although the quality is committed, the presence of variety seeking behavior changes not only the prices but also the quality levels the same as the habit formation. As the presence of variety seeking behavior, the firm charges lower price in period 2 and higher price in period 1, and the habit formation also mitigate this effect of the variety seeking.
As in price commitment, the variety seeking and habit formation affect firms pricing decisions of period 2 in a different way. However, the variety seeking also affects firm quality level decisions, as the quality cost function is concave; in consideration of charging lower price in period 2, firms will supply the lower quality level to save quality cost.
Proposition 6. Under quality commitment, variety seeking behavior increases consumer surplus while it decreases the total profit; on the contrary, the habit formation has the opposite effect.
Differentiating from the price commitment, in quality commitment, consumers can gain more surplus from variety seeking, but the habit formation will hurt the consumer surplus. Although the variety seeking will make the firms decrease the quality cost, they also decrease the average price in both periods and make the firms revenue decrease. For firms, the only way to solve this situation is that the firms need to cultivate the proportion of habitation consumption consumers.
Comparison of the Price Commitment and the Quality
Commitment. When there are no variety seeking consumers in the market, the firm will supply the higher quality levels under the price commitment; therefore, the firm will choose the quality commitment rather than price commitment for cost consideration. However, with variety seeking consumers in the market, how will the firms choose the strategy: price commitment or quality commitment? The following theorem provides an answer.
Theorem 7. In the presence of variety seeking consumers, when ℎ > 1439
2 /300 , there exists 0 < * < 1 such that = , ∀ = 1, 2.
(i) For ∈ (0, * ), the quality commitment is better; otherwise, the price commitment is better (see Figure 3) . When ℎ < 1439 2 /300 , there exists ℎ * < 1439 2 /300 and 0 < * 0 < 1 makes
2 ), the price commitment will benefit each firm; otherwise, each firm will choose quality commitment (see Figure 4) .
(iii) If ℎ < ℎ * , the firm profit of quality commitment will always be better (see Figure 5 ).
Figures 3-5 discuss the impact of variety seeking on profits under the price commitment and the quality commitment. Therefore, we assumed that other exogenous variables are constant, and their values do not affect our discussion only if ℎ > 1439 2 /300 in Figure 3 , ℎ * < ℎ < 1439 2 /300 in Figure 4 , and ℎ < ℎ * in Figure 5 . As 0 < < < 1, we can easily find the impact of the habitual consumption. Although in the two situations (price commitment and quality commitment), with the variety seeking behaviors, the profit of total market decreases, the difference between the two situations is that the loss profit of the former resulted in the increasing cost of quality, and the loss profit of the latter resulted in the decreasing revenue of decreasing average price that is bigger than the saving cost of decreasing quality. Our explanations are as follows. If the unit transportation cost ℎ of the consumers' ideal points to firm is enough larger, when the fraction of variety seeking consumers is large enough, firms that choose price commitment will gain more, and when the fraction of variety seeking consumers is small enough, the quality commitment will be better decision. If the unit transportation cost ℎ of the consumers' ideal points to firm is moderate, when the fraction of variety consumers is small enough or large enough, firms should choose quality commitment. If the unit transportation cost ℎ of the consumers' ideal points to firm is enough small, firms need to adopt the quality commitment. However, the habit formation could not change these tendencies.
In the presence of variety seeking, although the quality levels will be decreased, the average price is decreased more, and thus the consumers surplus is increased and the total profit is decreased. Compared with price commitment, the total profit is decreased, and the consumers can not gain the more surplus form price commitment that may reduce the incentive for variety seeking, but the consumers benefit from quality commitment that will gain more motivation for variety seeking; therefore, the market with quality commitment will lose more from potential variety seeking. Moreover, the habit formation will damage the consumers surplus with quality commitment and does not affect that with price commitment. This fits the empirical observations that more firms choose the price commitment rather than quality commitment.
Conclusion and Future Extensions
We study competitive pricing and quality strategies in a market with both variety seeking behavior and habit formation. With price commitment, our results show that although variety seeking does not affect the firms' pricing and the average consumers surplus, the quality in period 2 will be improved and in period 1 will be decreased, the total profits of the market will be less than that without variety seeking, we can conclude that the firms need to pay the cost for the potential loss of market share resulting from variety seeking, and the habit formation will benefit firms, and we can explain that consumers need to pay for their inertial. With quality commitment, in contrast with price commitment, although the total profit is also reduced with variety seeking, the average consumers surplus is increased, the same as in Sajeesh and Raju [11] , while the habit formation hurts consumers surplus, and firms also gain more from the inertial the same as the case of price commitment.
From the comparison of the price commitment and quality commitment, both the unit transportation cost and the fraction of consumers seeking variety have effect on the firms strategies. The enough largeness of ℎ and will prompt firms to choose price commitment; otherwise, they will choose another strategy. Under our model setting, the habitual consumption does not affect these decisions. For preventing variety seeking, our results suggest that the firms will prefer price commitment to quality commitment, under price commitment, the consumers do not gain additive consumers surplus by variety seeking or habitual consumption, and thus it may decrease the incentive for variety seeking.
Although we did not discuss the situation of > , where the number of habitual consumption consumers is more than that of variety seeking consumers, we can easily find the following insights. When > , with price commitment, the firm will supply higher quality levels in period 1 and lower quality levels in period 2, and the total profit of both firms still decreases with . With quality commitment, the firm will charge lower price in period 1 and higher price in period 2, but both firms will benefit from the habitual consumption.
Finally, some limitations of this paper should be pointed out. First, we assumed that < ℎ, and we only consider that some consumers with variety seeking must conduct repetitive purchase. Then, we just consider these goods that the firms can change the price and quality. In addition, there is a need for more empirical research to understand the moderating role of various conditions affecting firm strategies when consumers seek variety and form habit. As the future work, we will study the oligopoly market, and the asymmetry markets that consumers have different preference or different satiation for each firm.
Appendix
Proof of Proposition 1. When = 0 and = 0, there are no variety seeking and habitual consumption consumers in the market. Firms decide price at period 0 and quality levels at period 1. The utilities that consumers obtain from purchasing product , = 1, 2, are 11 = − 1 + 1 −ℎ and 21 = − 2 + 2 − ℎ(1 − ). Let 11 = 21 , the indifference point is then 0 = ( 2 − 1 + ( 1 − 2 ) + ℎ)/2ℎ, and, for < 0 , consumers will purchase from firm 1. Therefore, each firm's demand is, separately,
Firm 1's and Firm 2's profits are, respectively, given by
By first-order conditions, given price decision 1 and 2 , 10 / 1 = 0 and 20 / 2 = 0 at the optimal quality levels. Therefore,
We can easily get that Proof of Proposition 2. We use backward approach for proving. For > 0, we can write firm 1 and firm 2 profits in period 2 as follows: .
(A.8)
Next, each firm decides 11 and 21 to maximize their total profits in two periods (as indicated in (12)), given prices 1 and 2 are determined separately in period 0. Then (A.10)
Lastly, firms decide 1 and 2 at period 0 to maximize their total profits. Then we can get
2ℎ 2 .
(A.11)
The condition of 2ℎ > 2 ensures that
2 ) < 0. By firstorder conditions the optimal prices are 1 = 2 = ℎ. Substituting 1 and 2 into (A.8) and (A.10), we can now get the equilibrium solutions of the quality levels; that is, 12 = 22 = ((1 + − )/2 ) and 11 = 21 = ((1 + − )/2 ) . Then, we can get ( 1 + 2 )/2 = 0 , ∀ = 1, 2. Thus, it is proved.
Proof of Proposition 3.
Notice the average quality level over periods 1 and 2 can be calculated by ( 1 + i2 )/2 = /2 = 0 , ∀ = 1, 2. Therefore, the average quality level obtained by the consumers over the two periods is the same as in a market without variety seeking consumers and habitual consumption consumers. Further notice that = 0 = ℎ, meaning prices are the same no matter if there are variety seeking consumers and habitual consumption consumers or not. Therefore, the average consumers surplus is the same.
Substituting the equilibrium solutions into (12) yields the total profit for each firm:
(A.12) when = 0, where there is no habitual consumption, we can get = ℎ − ( 2 /4 )(1 + 2 ) < ℎ − 2 /4 = 2 0 , the presence of variety seeking reduces the firms' profit, when 0 < < , where there is habitual consumption, we can get
, and the habitual consumption reduces the loss results of variety seeking. Thus, proved.
Proof of Proposition 4. When = 0 and = 0, there are no variety seeking and habitual consumption consumers in the market. Firms decide quality levels at period 0 and price at period 1. Similarly, each firm's demand is, separately,
(A.13) Firm 1's and Firm 2's profits are, respectively, given by
(A.14)
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By first-order conditions, given quality levels 1 and 2 , 10 / 1 = 0 and 20 / 2 = 0 at the optimal price decision. Therefore,
We can easily get that Similarly, by first-order conditions, 10 / 1 = 0 and 20 / 2 = 0 at the optimal quality level:
The condition of 2 < 2ℎ ensures 
Substituting (13), (18) , and (19) to the total profit function (20), we can get the profit of each firm:
(A.23)
In period 1, firms choose 11 and 21 to maximize profits. Similarly, we get
(A.24) As 0 < < < 1, then we get 
